Summary. Three experiments were carried out during seasonal anoestrus in Finnish Landrace and Scottish Blackface ewes, to establish whether the differences between the breeds in ovulation rate are functional during the non-breeding season and are therefore independent of the mechanism controlling ovulation.
Introduction
As follicles grow and develop they acquire a number of characteristics including significant numbers of granulosa cell luteinizing hormone (LH) receptors and the ability to secrete large *Reprint requests. quantities of oestradiol (Carson et ai, 1979; England et al., 1981a; Webb & England, 1982a) . The measurement of oestradiol production in vitro by individual follicles, during the follicular phase of the oestrous cycle, has demonstrated the presence of two distinct populations of follicles, oestrogen-active and oestrogen-inactive (Webb et al, 1989) . The number of oestrogen-active follicles, those capable of producing > 500 pg/ml/h in vitro, is equivalent to the ovulation rate for the breed. Mature follicles, possessing significant numbers of thecal and granulosa cell LH receptors are present during the luteal and follicular phases of the oestrous cycle, the number of these potential ovulatory follicles being similar to the mean number of ovulations per ewe for the breed (England et al, 1981b) . Also, follicles can be induced to ovulate during the luteal phase by treatment with human chorionic gonadotrophin (hCG) (see Scaramuzzi & Hoskinson, 1984; Driancourt et al, 1988) , the number of induced corpora lutea being typical of the breed.
The aim of the present studies was to establish whether the mechanism controlling the number of potential ovulatory follicles, and hence ovulation rate, is functional during seasonal anoestrus as well as during the oestrous cycle in ewes. A series of three experiments was carried out during seasonal anoestrus. The first compared follicle populations (oestrogen-active and oestrogeninactive follicles) in Finnish Landrace and Scottish Blackface ewes, two breeds with significant differences in ovulation rate, the mean number of ovulations per ewe was~3-4 in Finnish Landrace and~1 -4 in Scottish Blackface (Wheeler & Land, 1977 Blackface ewes (n = 7), were ovariectomized. All follicles >2mm in diameter were then dissected and incubated individually for 2 h in M199 to measure production of oestradiol and testosterone in vitro as this has been shown to be a good measure of synthesis de novo (Webb & England, 1982a) . After incubation, all follicles were stored in liquid nitrogen. 125I-labelled hCG-binding analysis was carried out on the thecal and granulosa cells from follicles >3 mm in diameter, as described previously (Webb & England, 1982a, b) . During the hCG-binding measurements, numbers of granulosa cells were assessed in an aliquot of the separated granulosa cells by counting in a haemocytometer. Numbers of granulosa cells were also counted on all the other follicles ( < 3 mm diameter) stored in liquid nitrogen. At this stage, follicular fluid was collected, as described by Webb & England (1982a) , and stored at -20°C for the measurement of concentrations of oestradiol and testosterone (England et ai, 1981a; Webb et ai, 1985b Hunter, 1980) and 750 iu has been shown to induce ovulation during seasonal anoestrus (Driancourt et ai, 1990 ). All ewes were injected intravenously. Ovulation rate was assessed by laparoscopy 64 90 h after treatment to ensure that hCG had not induced the ovulation of successive groups of follicles (Radford et ai, 1984) .
Hormone and LH receptor assays Oestradiol and testosterone. Concentrations of both hormones in the culture media and follicular fluid were determined by radioimmunoassay as described by Webb et ai (1985b Webb et ai ( , 1989 . The intra-and interassay coefficients of variation were 13-5 and 11-9%, respectively, for oestradiol with the minimum detectable value at 0-5 pg/tube; and 106 and 11-4%, respectively, for testosterone, with the minimum detectable value at l-7pg per tube.
LH and FSH. Concentration of LH in peripheral plasma was determined by radioimmunoassay as described by Martensz et al. ( 1976) and Webb et ai ( 1985a) . The intra-and interassay coefficients of variation were 4-4 and 11 0%, respectively, with the minimum detectable value at 0-4 + 002 ng/ml. Concentration of FSH in peripheral plasma was determined by radioimmunoassay as described by McNeilly et al. (1976) . The intra-and interassay coefficients of variation were 8-8 and 9-8%, respectively, with the minimum detectable value at 24-2 ± 5-9 ng/ml. LH receptor assay. Analysis for LH receptors was carried out on all follicles 3= 3 mm diameter, as described by Webb & England (1982a, b) . The specific binding of the radiolabel to thecal and granulosa cells is expressed as fmol 125I-labelled hCG bound^g DNA. DNA was determined by the method of Burton (1956) . The hCG (Serono, BISFR3) used for iodination had a potency of 12 154 ¡u/mg. The hCG (Organon, PR300), used for assessing non¬ specific binding, had a potency of 3224 iu/mg. The iodinated hCG had a specific activity of 23-2 µ /µ^, with an active fraction of 40-2%.
Statistical analyses
Most of the measurements taken on the follicles had a skewed distribution and these were transformed to a logarithmic scale before analysis to give an approximately normal distribution. Differences between breeds and oestrogen-active or oestrogen-inactive follicles were investigated using analysis of variance and incorporating a multiple-comparison test (Scheffé, 1959) . A log-linear model was fitted to the data on follicle size for the two breeds (Expt 1 ), to investigate possible differences in the size distribution between the breeds. Correlations were calculated on the log scale for measurements with a skewed distribution. A non-parametric test (Wilcoxon two-sample rank test) was used to compare the number of oestrogen-active follicles in the two breeds.
Results
Experiment 1: comparison between breeds Follicle populations based on in-vitro oestradiol production Using a bimodal distribution from a larger number of ewes during the breeding season (Webb et al, 1989) , follicles secreting^500pg/ml/h were designated oestrogen-active and the remaining follicles designated oestrogen-inactive. The Finnish Landrace ewes had significantly more oestrogenactive follicles than Scottish Blackface ewes (Table 1 ) , but there was no significant difference between the breeds in the number of antral follicles^2 -0 mm diameter (Finnish Landrace, 13-4 ± 2-6; Scottish Blackface, 12-9 + 11). As was found during the breeding season (Webb et al, 1989) , the Finnish Landrace ewes had a higher proportion of follicles in the 4-1-5-0 mm range ( < 001) than the Scottish Blackface ewes (Table 2) , but a significantly lower proportion (P < 005) of follicles in the 5-1-7-0 mm range.
Functional characteristics
Oestrogen-active follicles. Scottish Blackface ewes had significantly larger oestrogen-active follicles (P < 0-01) than the Finnish Landrace ewes (Table 3) , but the mean total number of granulosa cells in oestrogen-active follicles per ewe indicated no significant difference between Finnish Landrace (5-64 ± 1-08 106; = 8) and Scottish Blackface (4-47 ± 0-64 106; = 6) ewes. There was no significant difference between the breeds in any of the other parameters (Table  3) , including in-vitro oestradiol concentrations.
Oestrogen-inactive follicles. There was no significant difference between the breeds (Table 3 ), except that Finnish Landrace ewes had significantly higher concentrations of oestradiol in the follicular fluid than Scottish Blackface (P < 005) ewes. Mean number of follicles/ewe 1-8 ± 0-5 1-1+0-4 1-4 ± 0-3 3-4 ± 0-6" Mean follicle diameter (mm) Mean follicle diameter (mm)
3-2 ± 0-3 3-6 ± 0-3 3-9 ± 0-4 4-7 + 0-3 a vs. b significantly different (P < 005; Wilcoxon's two-sample rank test). size category (from 7 ewes) (2-9 + 0-6) (2-7 + 0-6) (1-1+0-4) (1-3 + 0-3) (0-6 + 0-3)
Mean number of follicles/ewe + s.e.m. in each size category is shown in parentheses.
Oestrogen-active follicles were significantly larger (P < 005) than oestrogen-inactive follicles in the Scottish Blackface, but not in the Finnish Landrace, ewes. Oestrogen-active follicles, in both breeds, had more granulosa cells (P < 005), higher concentrations of oestradiol in the follicular fluid (P < 0001) and more theca (P < 0001) and granulosa ( < 0001) cell LH receptors. There was no significant difference between the breeds in concentrations of testosterone in the follicular fluid (P = 006) or testosterone secretion in vitro (P > 010).
Total folliclepopulation. Taking all follicles, there was a significant correlation between oestradiol production in vitro and concentrations of oestradiol in follicular fluid in both Finnish Landrace (r = 0-873, < 0001) and Scottish Blackface (r = 0-794, < 0001) ewes. In both breeds, follicles producing~5 00 pg oestradiol/ml/h in vitro had~70 ng follicular fluid oestradiol/ml. Experiment 2: effect of unilateral ovariectomy This experiment used Scottish Blackface ewes only. As in Expt 1, follicles were divided into oestrogen-active (> 500 pg/ml/h in vitro) and oestrogen-inactive. Taking both ovaries, follicles producing~5 00 pg oestradiol/ml/h in vitro had~75 ng oestradiol/ml follicular fluid. The mean ( +s.e.m.) number of oestrogen-active follicles in the second ovary (2-33 ± 0-42) was significantly (P < 005) greater than in the first ovary (117 ± 0-40), removed 7 days earlier.
The differences between the first ovary and the second ovary were similar for oestrogen-active and oestrogen-inactive follicles and so the data from the two ovaries were pooled. All of the characteristics (Table 4) were significantly different (P < 005), except for concentrations of testosterone in follicular fluid. 
Number of follicles in parentheses; LH, luteinizing hormone.
*Arithmetic means.
Across rows, a vs. b, vs. w and vs. y significantly different (P < 005). 
2-23 ± 0-19
1097-3 + 3940
97-60 + 40-82
17690 ± 662-5
113-3 + 69-51 
Oestrogen-active follicles. There was no significant difference between the first and second ovaries for any of the parameters that were measured (Table 4) .
Oestrogen-active follicles. Testosterone secretion in vitro was higher (P < 0001) in the second ovary than in the first, and there were more theca LH receptors (P < 001) in the first ovary.
Peripheral gonadotrophin concentration
There was no significant difference in either geometric mean peripheral concentrations of LH or FSH between the day before unilateral ovariectomy and the day after ovariectomy. There was 0-87 + 0-15 ng LH/ml on the day before ovariectomy compared with 0-96 + 004 ng LH/ml on the day after ovariectomy; and 95-1 +21-5 ng FSH/ml on the day before ovariectomy compared with 105-2 ± 12-2 ng FSH/ml on the day after ovariectomy. As (Table 5 ). Taking all ewes there was a significant difference in the induced ovulation rate between the two breeds (Table 5 ). Taking only the ewes that ovulated, it was 2-6 + 0-2 in the Finnish Landrace compared with 1-6 + 0-2 in the Scottish Blackface ewes (P < 005; Wilcoxon's two-sample rank test). 
Discussion
The results demonstrated that genetic differences in the mechanism controlling ovulation rate are still functional during seasonal anoestrus. First, using the same criteria, the ability of follicles to produce^500pg oestradiol/ml/h in vitro, as in the breeding season (Webb et al, 1989) , the mean number of oestrogen-active follicles/ewe (Finnish Landrace 3-4; Scottish Blackface 20) was as expected from the ovulation rate for the breed. Secondly, the number of follicles ovulating in response to an ovulatory dose of hCG was typical of the ovulation rate for the breed. Thirdly, compensatory ovarian hypertrophy also occurs during seasonal anoestrus; the number of oestrogen-active follicles had doubled by 7 days after unilateral ovariectomy. Most of the oestrogen-active follicles appear capable of ovulating after a challenge with 750 iu hCG. A preliminary report of these results (Webb, 1988) has been confirmed by Driancourt et al. (1990) in other breeds of sheep. The ovulation rate in the Finnish Landrace (2-6 ± 0-2) and the Scottish Blackface (1-6 ± 0-2) ewes was similar to that reported by Wheeler & Land (1977) , who also found an effect of season, with an ovulation rate of 2-6 in Finnish Landrace in March and 3-5 in November. In the present study, the rate of hCG-induced ovulation in the Finnish Landrace ewes was 2-6 + 0-2, whereas the number of oestrogen-active follicles in Expt 1 was 3-4 + 0-6. As well as a genetic effect of breed on ovulation rate, there appears to be an effect of season. It is not known why all of the oestrogen-active follicles are not capable of ovulating in response to hCG. As in the breeding season (England et al, 1981b; Webb & England, 1982a, b) , oestrogen-active follicles had significantly more LH receptors than the oestrogen-inactive follicles, although the number was lower than during the late-follicular phase of the oestrous cycle (Webb & England, 1982b) . During seasonal anoestrus, progesterone affects follicle maturation, stimulating an increase in the number of follicular LH receptors and oestradiol secretion (Hunter et al, 1986) , and enhancing hCG binding (Hunter & Southee, 1987) . The rise in ovulation rate in the middle of the breeding season may therefore be due to luteal progesterone-associated effects on the maturation of ovulatory follicles during the follicular phase, although other effects are involved, as this explanation does not account for the reduction in ovulation rate at the end of the breeding season (Wheeler & Land, 1977) .
The mechanism controlling the number of oestrogen-active follicles is responsive to unilateral ovariectomy, as demonstrated by a doubling in the number of oestrogen-active follicles in the remaining ovary. The number of oestrogen-active follicles in the second ovary after unilateral ovariectomy was also similar to the total number of oestrogen-active follicles in both ovaries of Scottish Blackface ewes in Expt 1 (2-3 + 0-4 vs. 20 ± 0-4). The results from this study clarify previous equivocal work on whether compensatory ovarian hypertrophy can occur during seasonal anoestrus (Mallampati & Casida, 1970; Dufour et al, 1971; Findlay & Cumming, 1977) . However, the previous results were based on observations such as weights of ovarian and follicular fluid and number of follicles. These gross changes do not appear to be sensitive enough to identify an effect consistently; in both this and previous studies, in the same breeds of sheep, ovulation rate was not related to the size of the antral follicle population (Webb et al., 1989 ). In the current study, there were significantly more (P < 005) follicles^2 mm diameter per ovary in the second ovary that was removed (10-8 + 0-4 follicles) than in the first ovary (7-0 + 1-0 follicles), although none of the other characteristics (see Table 4 ) was significantly different.
Gonadotrophins are required for the growth of follicles^2 mm in diameter (Dufour et al, 1979; Webb & Gauld, 1985a, b; McNeilly et al., 1986; Driancourt et al, 1988) , but increases in gonadotrophin concentrations may not be required for compensatory hypertrophy. Findlay & Cumming (1977) despite the differences in the rate of hCG-induced ovulation demonstrated in Expt 3.
A number of follicular characteristics were similar to those in the breeding season (Webb et al, 1989) . First, the number of oestrogen-active follicles was not related to the large antral follicle population, the number of follicles^2 mm diameter being similar in both breeds (Finnish Landrace 13-4 + 2-6; Scottish Blackface 12-9 + 11). Secondly, Scottish Blackface ewes had a higher proportion of follicles in the 5-1-7-0 mm range ( (Webb et al., 1989) . Fourthly, there was no between-breed difference for in-vitro oestradiol production, indicating that granulosa cells from oestrogen-active follicles of the Finnish Landrace ewes produce more oestradiol/cell, despite having lower production of testosterone in vitro than the breed with the lower ovulation rate. Finally, oestrogen-active follicles produced similar amounts of testosterone in vitro and had concentrations of testosterone in follicular fluid similar to oestrogen-inactive follicles in both breeds, indicating that small antral follicles go through an androgen-dominated phase as shown previously for the breeding season (Moor et al, 1978; Carson et al., 1981; England et al, 1981a, b) .
In-vitro production of oestradiol per oestrogen-active follicle, from ewes undergoing bilateral ovariectomy (Expt 1), was not different from that in oestrogen-active follicles from the first ovary removed after unilateral ovariectomy (Expt 2). In both experiments, there was a significant correlation between in-vitro production of oestradiol and concentrations of oestradiol in follicular fluid, indicating that the latter offers an alternative to measurement of oestradiol in vitro for assessing the number of oestrogen-active follicles. In Expt 2, there was approximately twice as much oestradiol and testosterone production in vitro (Table 4) by oestrogen-active follicles from the second ovary than in those dissected from the first ovary, although these differences did not attain statistical significance because of the large between-follicle variation. However, when expressed on a per ovary basis, there was a significant (P < 005) three-and four-fold difference in oestradiol and testosterone, respectively. The reason for this increase in steroid production is not known, as there appears to be no change in circulating gonadotrophin concentrations during the first 36 h after unilateral ovariectomy (Findlay & Cumming, 1977;  Expt 2), although gonadotrophin concentrations at later periods have not been measured.
The results from these studies have shown that the mechanism controlling the number of oestrogen-active follicles, and hence ovulation rate, in these two breeds is still functional during seasonal anoestrus. This conclusion is confirmed by the observation that compensatory ovarian hypertrophy, as measured by the number of oestrogen-active follicles and steroid output in vitro, does occur during seasonal anoestrus.
